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VALVE, ESPECIALLY FOR HYDRAULIC
AUTOMOTIVE BRAKE SYSTEMS

TECHNICAL FIELD

The present mvention relates to a valve, especially for
hydraulic automotive vehicle brake systems.

BACKGROUND OF THE INVENTION

A valve with a piezoelectric drive 1s disclosed in DE 199
46 827 C1 that includes a valve element with an adjusting
piston and an actuating piston for controlling fluids. A
hydraulic chamber operating as a hydraulic coupler and
acting on an annular piston and the actuating piston 1is
arranged between the adjusting piston and the actuating
piston. The differently sized end surfaces of the annular
piston and the actuating piston cause a stepped translation of
the stroke 1nitiated by the piezoelectric drive.

In view of the above, an object of the present invention 1s
to 1mprove upon a valve of the above-mentioned type to
such eflect that an abrupt change in ratio 1s avoided, while
a relatively simple, mimaturized design 1s maintained.
Another objective 1s that the valve permits universal appli-
cation and has an internal sealing as good and simple as
possible.

In addition, said valve shall exhibit a constant and com-
fortable performance in operation irrespective of tempera-
ture varniations and with a relatively straightforward design.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first embodiment of the invention for a
valve opened 1n 1ts basic position.

FIG. 2 shows a second embodiment of the invention for
a valve closed 1n 1ts basic position.

FIG. 3 shows a third embodiment of the invention for a

valve opened 1n its basic position and equipped with tem-
perature-compensating means.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Initially, all essential features of the invention will be
disclosed 1n the following, being applicable to both embodi-
ments of FIGS. 1 and 2.

Both valves according to FIGS. 1, 2 comprise a valve
tappet 4 guided 1n a valve housing 5 and having at one end
a valve closure member 6. Said valve closure member 6
faces a valve seat 7 itegrated in the valve housing 5, with
the valve closure member 6 being indirectly actuated by
means of a piezoelectric element 1. For this purpose, a first
and a second force transmission element 2, 3 are arranged
between the piezoelectric element 1 and the valve tappet 4
according to the mvention, with the first force transmission
clement 2 being made of a high-strength material, elastically
deforming the second force transmission element 3 and
moving 1t in the direction of the valve tappet 4 when the
piezoelectric element 1 1s electrically activated. For the
mechanic translation of the piezoelectric movement 1n the
direction of the valve tappet 4, the contact surface A2 of the
second force transmission element 3 that abuts on the end
surface of the valve tappet 4 1s smaller than the contact
surtace A3 of the second force transmission element 3 that
1s elastically deformable for the infimitely variable transla-
tion, with contact surface A3 abutting on the first force
transmission element 2. In addition, the construction men-
tioned hereinabove allows that the second force transmission
clement 3 seals the hydraulically applied inside area of the
valve housing 5 1n relation to the dry iside area of the valve
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2

housing 5 1n a simple and absolutely sate fashion, to what
end the second force transmission element 3 1s favorably
made of an elastomer, e.g., any conventional rubber, or a
silicone. The second force transmission element 3 can be
preloaded 1n a particularly simple manner by choosing the
adjustment depth of the piezoelectric element 1 1n the valve
housing 5 in order to achieve the necessary sealing effect of
the second force transmission element 3 and the desired
basic adjustment of the valve tappet 4. To this end the
piezoelectric element 1 1s supported with 1ts end surface
remote from the first force transmission element 2 on a cover
24 that closes the valve housing 5 and 1s displaceable for
adjusting the piezoelectric element 1 in the valve housing 5.
After the adjusting operation has been completed, cover 24
1s, €.g., welded to the sleeve portion of the valve housing 5.
Of course, operative and/or form-locking fixing methods for
the cover 24 are also possible. The piezoelectric element 1
1s configured as a piezo block in a stack-type construction,
and the first force transmission element 2 1s configured as a
piston that 1s guided along the inside wall of the valve
housing 5 and bears against the second force transmission
clement 2 designed as a cushion. The proposed design of the
valve—in the closed basic position of the valve closure
member 6—further permits sensing the hydraulic pressure
applied to the valve closure member because there 1s a
hydraulic response to the piezoelectric element 1 by way of
the two force transmission elements 2, 3, and the electric
change 1n voltage of the piezoelectric element resulting from
the mechanical compressive load application can be con-
verted into a pressure value by means of an electronic
evaluating unit. In other words, the mechanical compressive
load application causes an electric change in voltage of the
piezoelectric element 1. The electronic evaluating unit 25
measures the electric change in voltage of the piezoelectric
clement 1 and converts 1t into a pressure value for sensing
the hydraulic pressure applied to the valve closure member

6

The 1llustrated fturther details of the valve of FIG. 1 will
now be described 1n the following.

The valve of FIG. 1 shows a valve housing 5 composed
of two housing sleeves 5a, 5b that are joined 1n sections and
connected to each other in the joining zone by means of a
welded joint 9. The bottom housing sleeve 55 1s designed as
a stepped housing bowl having its edge 10 that 1s bent off at
right angles wedged into the stepped accommodating bore
11 of a block-shaped valve support member 12. The housing
bowl 1ncludes at 1ts bottom a first pressure fluid opeming 135
with valve seat 7 that 1s, e.g., made 1n a stamping process.
The hemispherical valve closure member 6 adopts its mitial
position lifted from valve seat 7 caused by a compression
spring 13 compressed between the stepped valve tappet 4
and the bottom. Valve tappet 4 1n sections along 1ts stem 1s
guided 1n the bottom and top housing sleeve 5b, 3a, to what
end the coaxially aligned two valve sleeves 5a, 5b are
conformed 1n sections to the external diameter of the valve
tappet 4. Therelore, a sleeve projection 14 whose nside
diameter 1s adapted to the outside diameter of the valve
tappet 4 follows at the bottom of the top housing sleeve 5a,
with the elastic force transmission element 2 equally extend-
ing up to the end surface of the valve tappet 4 into the sleeve
projection. The stifl force transmission element 2 that 1s
designed as a plate, disc or piston 1s disposed on the elastic
force transmission element 3 so that the elastic force trans-
mission element 3, in the capacity of a rubber reaction disc,
1s compressed between the first force transmission element
2 and the bottom of the housing sleeve 5a. When a voltage
1s applied to the piezoelectric element 1, this produces an
adjustment force that acts on the stifl force transmission
clement, whereby the mass of the elastic force transmission

element 3 1n the direction of the least mechanical resistance
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will deform further into the opening of the sleeve projection
14 1n order to move the valve tappet 4 constantly in the
direction of the valve seat 7 1n opposition to the effect of the
yielding compression spring 13. The minimum piezoelectric
stroke 1itiated will then be translated in the ratio of the
force-applied end surfaces A2, A3 at the second force
transmission element 3 to the effect of an increased valve
tappet stroke, for what reason the end surface A2 of the
second force transmission element 3 disposed at the sleeve
projection 14 1s considerably smaller than the end surface
A3 of the second force transmission element 3 that 1s acted
upon by the first force transmission element 2.

Abutment of the valve closure member 6 on the valve seat
7 automatically interrupts the pressure fluid connection
between the pressure fluid opening 15 arranged in the
bottom of the housing sleeve 36 and the second pressure
fluid opening 16 arranged above the valve closure member
6 in the housing wall.

Instead of using the elastic force transmission element 3,
it would also be feasible to use a filling with a liqud such
as silicone oil, or a like fluid, however, this arrangement
would require sealing provisions at the boundaries of the
fluid 1n the valve housing 5 1n order to prevent fluid loss
and/or different fluids from intermingling.

Valve housing 5 and cover 24 are simply made 1n the

illustrated contour by deepdrawing from light-gauge steel
sheets.

Different from FIG. 1, FIG. 2 shows a valve closed 1n 1ts
basic position, which has been realized 1n construction 1n an
amazingly simple fashion by slight constructive modifica-
tions of the valve presented in FIG. 1. To this end the
arrangement of the valve tappet 4, the two force transmis-
sion elements 2, 3 and the piezoelectric element 1 known
from FIG. 1 may be maintained for the valve of FIG. 2 as
well. Cover 24 may also be taken identically from FIG. 1.
There 1s only a slight modification of the arrangement of the
compression spring 13 and the deepdrawn sleeve projection
14 that 1s now pointing in opposite direction to the com-
pression spring 13 inserted in the first force transmission
clement 2. For this purpose the first force transmission
clement 2 as a piston 1s equipped with a central blind-end
bore 18 having a bore diameter that 1s adapted to the outside
diameter of the tappet collar 17 on which the compression
spring 13 1s supported. Valve tappet 4 comprises a sleeve
whose end that 1s bent off by 180 degrees to form a tappet
collar 17 bears against a small annular end surface of the
second force transmission element 3, while the coil end of
the compression spring 13 directed to the valve tappet 4 rests
on the outside radius of the angled-oil portion. When the
piezoelectric element 1 1s electrically energized, its slight
expansion leads to a simultaneous stroke of the first force
transmission element 2 in the direction of the elastic force
transmission element 3 whose mass, due to being embedded
in the rigid valve housing 5, 1s able to escape exclusively 1n
the direction of the tappet collar 17 preloaded by the
compression spring 13, with the result that deformation of
the force transmission element 3 in the direction of the
tappet collar 17 will 1ift the valve closure member 6 at the
valve tappet 4 from its valve seat 7 and, hence, open the
pressure tluid connection within the valve. Thus, also 1n the
valve of F1G. 2 the initiated mimimum piezoelectric stroke in
the ratio of the applied end surfaces at the second force
transmission e¢lement 3 1s translated to the end of an
increased valve tappet stroke, for what reason the annular
end surface of the second force transmission element 3,
which end surface 1s deformable 1n the sleeve projection 14
in the direction of the tappet collar 17, i1s considerably
smaller than the annular end surface of the second force
transmission element 3 that 1s acted upon by the first force
transmission element 2.
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If any details 1llustrated in FIG. 2 are not referred to, they
nevertheless correspond to the description of the subject
matter in FIG. 1.

The valve illustrated in a considerably enlarged cross-
sectional view 1n FIG. 3 has a valve tappet 4 that 1s guided
in a valve housing 5 and includes a valve closure member 6
at one end. Valve closure member 6 faces a valve seat 7
integrated 1n the valve housing 5, with the valve closure
member 6 being indirectly actuated by means of a piezo-
clectric element 1. For this purpose, a first and a second
force transmission element 2, 3 1s arranged between the
piezoelectric element 1 and the valve tappet 4, the said first
force transmission element 2 being preferably made of a
metal material of lhugh strength that elastically deforms the
second force transmission element 3 and moves 1t 1n the
direction of the valve tappet 4 when the piezoelectric
clement 1 1s activated electrically. For the mechanical trans-
lation of the piezoelectric element’s movement 1n the direc-
tion of the valve tappet 4, the contact surface A2 of the
second force transmission element 3 abutting on the end
surface of the valve tappet 4 1s smaller than the contact
surface A3 of the first force transmission element 2 that 1s
clastically deformable for the infinitely variable translation,
the contact surface A3 abutting on the first force transmis-
sion element 2. In addition, the nitially mentioned construc-
tion permits that the second force transmission element 3
seals the hydraulically applied inside area of the valve
housing 3 in relation to the dry inside area of the valve
housing 5 1n a simple and absolutely safe fashion, to what
end the second force transmission element 3 1s favorably
made of an elastomer, e.g., a conventional rubber reaction
disc, or a silicone cushion. The second force transmission
clement 3 may be preloaded in a particularly simple way by
choosing the adjustment depth of the piezoelectric element
1 1n the valve housing 5 1n order to achieve the necessary
sealing eflect of the second force transmission element 3 and
the desired basic adjustment of the valve tappet 4. To this
end, the piezoelectric element 1 1s supported with 1ts end
surface remote from the first force transmission element 2 on
a compensating piston 8 guided in the valve housing 5, said
piston 8 being acted upon by a stifl cup spring assembly 19
for the basic adjustment of the piezoelectric element 1 1n the
valve housing 5, the assembly 1n turn bearing against a
closure plug 20 inserted into the valve housing 5. After
completion of the basic adjustment, the closure plug 20 is,
¢.g., welded to the top sleeve portion of the valve housing 5.
Of course, operative and/or form-locking arresting provi-
sions for the closure plug 20 are also possible.

For the compensation of thermally induced volume varia-
tions of the elastic force transmission element 3, the com-
pensating piston 8, on the other hand, 1s arranged so as to be
slidable between the cup spring assembly 19 and an elastic
mass 23 fixed at the bottom of the stepped first housing
sleeve 5a. The elastic mass 23 1s embedded as a compen-
sating ring 21 in a compensating bowl 22 1n a structurally
simple fashion so that customary elastomeric rings may also
be used. Corresponding to the geometry of the compensating
ring 21, the compensating piston 8 1s configured as an
annular piston accommodating 1n 1ts cavity the piezoelectric
clement 1 as a piezo block 1n a stack-type construction. For
the purpose of contacting the compensating ring 21, the
piston skirt of the compensating piston 8 extends over the
overall height of the piezo block until to the compensating
ring 21 1n the compensating bowl 22. The first force trans-
mission element 2 1s configured as a piston guided along the
inside wall of the annular compensating bowl 22 and being
thus arranged 1n a vertical direction between the piezoelec-
tric element 1 and the second force transmission element 3.

The valve housing 5 comprises the two housing sleeves
5a, 3b joined together 1n sections and being interconnected
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in the joining zone by means of a welded joint 9. The
bottom, second housing sleeve 35 1s designed as a stepped
housing bowl having 1ts edge 10 that 1s bent off outwards at
right angles wedged into the stepped accommodating bore
11 of a block-shaped valve support member 12. The housing
bowl 1includes at 1ts bottom a first pressure tluid opening 15
with the valve seat 7 that 1s, e.g., made in a stamping

process. By means of compression spring 13 compressed
between the stepped valve tappet 4 and the bottom, the
hemispherical valve closure member 6 adopts 1ts 1nitial
position lifted from the valve seat 7. Valve tappet 4 1s guided
in sections along its stem 1n the bottom and the top housing
sleeve 5b, 5a, to what end the coaxially aligned two housing
sleeves 3a, 5b are adapted 1n sections to the outside diameter
of the valve tappet 4. Following at the bottom of the top first
housing sleeve 5a 1s therelore a sleeve projection 14 that 1s
adapted 1n 1ts inside diameter to the outside diameter of the
valve tappet 4, with equally the elastic force transmission
clement 3 extending into the sa projection until the end
surface of the valve tappet 4. Disposed on the elastic force
transmission element 3 1s the stifl force transmission ele-
ment 2 designed as a stepped piston and having its piston
wall guided 1n sections both along the 1nside surface of the
compensating bowl 22 and the inside surface of the stepped
housing sleeve Sa. The elastic force transmission element 3
1s compressed 1n the way of a rubber reaction disc between
the transversally movable first force transmission element 2
and the annular surface at the bottom of the stepped housing
sleeve Sa.

When a voltage 1s applied to the piezoelectric element 1,
the piezoelectric element 1 produces an adjustment force
that acts upon the stiff force transmission eclement 2,
whereby the mass of the elastic force transmission element
3 1s displaced i1n the direction of the least mechanical
resistance further into the opening of the sleeve projection
14 shaped at the bottom of housing sleeve Sa 1n order to
steadily move the valve tappet 4 acted upon by the second
force transmission element 3 1n the sleeve projection 14 1n
opposition to the effect of the resilient compression spring
13 1n the direction of the valve seat 7. The electrically
initiated minimum piezoelectric stroke 1s then translated 1n
the ratio of the force-applied end surfaces A2, A3 at the
second force transmission element 3 to the eflect of an
increased valve tappet stroke, for what reason the end
surface A2 of the second force transmission element 3,
which surface A2 1s determined by the opening cross-section
of the sleeve projection 14, 1s chosen to be substantially
smaller than the end surface A3 of the second force trans-
mission element 3 acted upon by the first force transmission
clement 2.

When the valve closure member 6 abuts on the valve seat
7, the pressure fluid connection between the pressure fluid
opening 15 arranged at the bottom of the second housing
sleeve 5b and the second pressure fluid opening 16 arranged
in the housing wall above the valve closure member 6 is
automatically interrupted.

For compensation of temperature-responsive length varia-
tions, the piezoelectric element 1 1s arranged between the
first force transmission element 2 and an elastically pre-
loaded compensating piston 8, whose position 1s influenced
by the physical properties of the elastic mass 23 fixed in the
valve housing 5.

The physical property of the elastic mass 23, in particular
its temperature-responsive volume variation, therefore cor-
responds to the physical property of the second force trans-
mission element 3 which 1s elastically compressed in a
suitable fashion between the first force transmission element
2 and the bottom of the valve housing 5 for the linear
translation of the piezoelectric stroke.
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Consequently, the valve 1s equipped with a compensating,
mechanism 1n order to compensate the thermal expansion of
the elastic force transmission element 3 because the com-
paratively high coetlicient of heat expansion of the elas-
tomers used for the force transmission element 3 would
impair the relatively small valve stroke. This temperature-
responsive compensation of expansion 1s eflected in terms of
construction by the compensating ring 21 that 1s favorably
made of the material of the elastic force transmission
clement 3.

This 1s because the thermal expansion of the compensat-
ing ring 21 causes displacement of the compensating piston
8 towards the stitlly preloaded cup spring assembly 19 by the
stroke h21, with the result that the thermally induced stroke
h3 of the force transmission element 3 is compensated
without eflecting any undesirable change of the valve stroke
h4 that can be achieved by means of the steady mechanical
translation.

The volume V2 of the compensating ring 21 must there-
fore be fixed for compensating the temperature-responsive
volume variation at the elastic force transmission element 3
according to the following formula:

2=[V1x(D2%-d2°)]/D1?
The reterences 1n this formula mean:

V1 volume of the elastic force transmission element 3

D1 outside diameter of the elastic force transmission ele-
ment

V2 volume of the compensating ring 21
D2 outside diameter of the compensating ring 21

d2 inside diameter of the compensating ring 21

Instead of using an elastomer as elastic mass 23, admit-
tedly, it would be possible to use a filling with a liquid such
as silicone oil, or a like fluid. However, such a provision
would require an additional sealing at the boundaries of the
liquid 1n the valve housing 5 1n order to prevent fluid loss
and/or different fluids from intermingling.

The two-part valve housing 5 and the compensating bowl
22 are deepdrawn from thin sheet metal simply 1n the
illustrated step contour.

In the closed position of the valve closure member 6, the
suggested design of the valve additionally enables sensing
the hydraulic pressure prevailing at the valve closure mem-
ber, because there 1s a hydraulic response to the piezoelectric
clement 1 by way of the two force transmission elements 2,
3, with the electric voltage variation of the piezoelectric
clement resulting from the mechanical compressive load
application being converted into a pressure value by means
of an electronic evaluating unit 25.

The mmvention claimed 1s:

1. A valve comprising;:

a valve tappet guided in a valve housing and including a
valve closure member:;

a valve seat facing the valve closure member; and

a piezoelectric element for actuating the valve closure
member,

wherein a first and a second force transmission element 1s
interposed between the piezoelectric element and the
valve tappet,

wherein the first force transmission element 1s made of a

high-strength material which elastically deforms the
second force transmission element 1n the direction of

the valve tappet when the piezoelectric element 1is
activated electrically, and

wherein for sensing the hydraulic pressure by way of the
two force transmission elements, the pressure applied
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to the valve closure member acts on the piezoelectric
clement, and the electric change in voltage of the
piezoelectric element resulting from mechanical defor-
mation 1s converted 1nto a pressure value by means of
an electronic evaluating unit.

2. The valve as claimed 1n claim 1, wherein for the
mechanic translation of the piezoelectric movement onto the
valve tappet, a contact surface of the second force transmis-
s1on element that abuts on the end surface of the valve tappet
1s smaller than a contact surface of the second force trans-
mission element that abuts on the first force transmission
clement.

3. The valve as claimed i1n claim 1, wherein the second
force transmission element seals the hydraulically applied
inside area of the valve housing 1n relation to the dry inside
area of the valve housing.

4. The valve as claimed 1n claim 1, wherein the second
force transmission element 1s composed of an elastomer or
a silicone.

5. The valve as claimed 1n claim 1, wherein the second
force transmission element 1s preloaded by choosing the
adjustment depth of the piezoelectric element 1n the valve
housing.

6. The valve as claimed in claim 1, wherein the piezo-
clectric element 1s supported with its end surface remote
from the first force transmission element on a cover that
closes the valve housing and 1s displaceable for adjusting the
piezoelectric element 1n the valve housing.

7. Valve as claimed in claim 1, wherein the piezoelectric
clement 1s configured as a piezo block 1 a stack-type
construction, and 1n that the first force transmission element
1s configured as a piston that 1s guided along the inside wall
of the valve housing and bears against the second force
transmission element designed as a cushion.

8. The valve as claimed i1n claim 1, wherein the second
force transmission element 1s composed of a silicone cush-
101.

9. Valve as claimed 1n claim 1, wherein the piezoelectric
clement 1s arranged between the first force transmission
clement and an elastically preloaded compensating piston,
whose position 1s influenced by the physical properties of an
clastic mass fixed 1n the valve housing.

10. Valve as claimed 1n claim 9, wherein the physical
properties of the elastic mass correspond to the physical
properties of the second force transmission element which 1s
clastically compressed between the first force transmission
clement and the bottom of the valve housing.

11. Valve as claimed 1n claim 9, wherein the elastic mass
1s embedded as a compensating ring mnto an annular com-
pensating bowl that 1s supported on a bottom of a housing
step of the valve housing.

12. Valve as claimed in claim 9, wherein the compensat-
ing piston 1s designed as an annular piston which points with
its open end portion 1nto a compensating bowl and 1s pressed
there onto a elastic mass by the action of an elastic preload-
ing force.

13. Valve as claimed i claim 12, wherein a cup spring
assembly produces the preloading force active on the com-
pensating piston, with the cup spring assembly being com-
pressed between the closed bottom of the compensating
piston and a closure plug arranged at the end of the sleeve-
shaped valve housing.

5

10

15

20

25

30

35

40

45

50

55

60

8

14. Valve as claimed 1in claim 9, wherein the first force
transmission element 1s designed as a piston having its
piston skirt guided 1n the opening of a annular compensating
bowl, and 1n that the first force transmission element plunges
into the opening of the valve housing wherein a elastically
deformable second force transmission element 1s 1mserted 1n
a fluid-impermeable fashion.

15. Valve as claimed 1n claim 9, wherein the elastic mass
1s composed of a rubber reaction disc and the second force
transmission element 1s composed of a rubber ring.

16. Valve as claimed in claim 9, wherein the wvalve
housing comprises two first and second housing sleeves that
are jointed 1n sections into one another at their ends, with the
housing sleeve including a piezoelectric element being
grouped with the two force transmission elements, a com-
pensating ring, a compensating bowl, the compensating
piston, and a closure plug to form an independent assembly.

17. Valve as claimed 1n claim 16, wherein a compression
spring and a valve tappet are mounted between the two
housing sleeves, with the valve tappet at the portion remote
from a valve seat in the valve housing being guided in a
sleeve projection at the first housing sleeve.

18. Valve as claimed 1n claim 9, wherein for the purpose
of mechanical transmission of the piezoelectric movement
onto the valve tappet, the contact surface of the second force
transmission element that abuts on the end surface of the
valve tappet 1s smaller than the contact surface of the second
force transmission element, said contact surface abutting on
the first force transmission element.

19. The valve as claimed 1n claim 2, wherein the second
force transmission element seals the hydraulically applied
inside area of the valve housing in relation to the dry inside
area of the valve housing.

20. A valve comprising:

a valve tappet guided 1n a valve housing and including a
valve closure member:

a valve seat facing the valve closure member;

a piezoelectric element for actuating the valve closure
member;

a first force transmission element interposed between the
piezoelectric element and the valve tappet and abutting
the piezoelectric element;

a second force transmission element interposed between
the piezoelectric element and the valve tappet and

abutting the valve tappet, wherein the first force trans-
mission element 1s made of a high-strength material
which elastically deforms the second force transmis-
sion element in the direction of the valve tappet when
the piezoelectric element 1s activated electrically; and

an electronic evaluating unit responsive to the piezoelec-
tric element,

wherein the electronic evaluating umit measures the elec-
tric change 1n voltage of the piezoelectric element and
converts 1t into a pressure value for sensing the hydrau-
lic pressure applied to the valve closure member.
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